ABSTRACT T h i s p a p e r i n v e s t i g a t e s t h e s e n s i t i v i t y o f h i g h frequency ( 6 t o 60 kHz) surface-generated ambient n o i s e t o s o n a r and environmental parameters. A
s i m u l a t i o n model f o r t h e v e r t i c a l d i r e c t i o n a l i t y and depth dependence o f n o i s e o r i g i n a t i n g a t t h e ocean s u r f a c e i s d e v e l o p e d .
The use o f t h e model i s demonstrated when sonar beam e l e v a t i o n a n g l e , receiver depth, water depth, and sound velocity p r o f i l e a r e v a r i e d a t a r e l a t i v e l y h i g h f r e q u e n c y (23.5 kHz). Results 
show a h i g h l e v e l o f s e n s i t i v i t y t o t h e s e p a r a m e t e r s . I n deep water, i t i s p r e d i c t e d t h a t volume absorption i s t h e d o m i n a n t c o n t r i b u t o r t o t h e a n i s o t r o p i c c h a r a c t e r o f t h e n o i s e f i e l d . I n shallow water, i t i s shown t h a t t h e r e c e i v e d n o i s

INTRODUCTION
Recentlv, ambient noise modeling has drawn s p e c i a l a t t e n t i o n i n t h e Navy. I n comparison with c u r r e n t systems, emerging systems have reduced D l a t f o r m n o i s e t o a l e v e l t h a t i s l e s s t h a n t h e surrounding ambient noise.
Thus, i t has become i m p o r t a n t t o c o n s i d e r t h e i m p a c t o f r e c e i v e d a m b i e n t n o i s e o n t h e p e r f o r m a n c e p r e d i c t i o n o f t h e s e e m e r g i n g systems.
C u r r e n t l y , many systems use the Knudsen curves [ l ] f o r p r e d i c t i n g a m b i e n t n o i s e l e v e l s t o a l l o w f o r v a r i a t i o n s i n w i n d speed and s h i p p i n g d e n s i t y a t a f i x e d a c o u s t i c f r e q u e n c y .
However, t h i s method does n o t p r o v i d e t h e c a p a b i l i t y o f i n v e s t i g a t i n g t h e e f f e c t s on n o i s e due t o changes i n o t h e r s o n a r and environmental parameters, such as sonar beam e l e v a t i o n a n g l e , r e c e i v e r d e p t h , w a t e r d e p t h , b o t t o m p o r o s i t y , and sound speed p r o f i l e (SSP).
For example, changes i n e i t h e r sonar beam d i r e c t i o n a l i t y o r SSP do n o t r e s u l t i n changes t o p r e d i c t e d a m b i e n t n o i s e l e v e l s when t h e Knudsen model i s used. T h i s p a p e r i n v e s t i g a t e s t h e s e n s i t i v i t y o f h i g h frequency ( > 6 kHz) surface-generated sea noise t o sonar and environmental parameters.
A p r o c e d u r e t h a t s i m u l a t e s t h e e f f e c t o f n o i s e o r i g i n a t i n g a t t h e ocean surface has been developed and i n c o r p o r a t e d i n the Generic Sonar Model (GSM) [2] . The n o i s e l e v e l s p r e d i c t e d b y t h i s model i n c l u d e t h e e f f e c t s o f d i r e c t i o n a l i t y and m u l t i p a t h p r o p a g a t i o n i n r e a l i s t i c ocean environments. The model i s demonstrated when t y p i c a l s o n a r parameters i n s e v e r a l e n v i r o n m e n t s , i n c l u d i n g d e e p and shallow water, are varied.
The r e s u l t s i n d i c a t e t h a t t h e r e c e i v e d a m b i e n t n o i s e i s h i g h l y s e n s i t i v e t o v a r i a t i o n i n t h e s e p a r a m e t e r s .
I1
MODEL DESCRIPTION
Ambient noise i n t h e ocean has many sources, i n c l u d i n g s u r f a c e a g i t a t i o n , , s h i p p i n g , t h e r m a l e f f e c t s , and sea l i f e . Because noise produced by s u r f a c e a g i t a t i o n i s d o m i n a n t i n t h e f r e q u e n c i e s o f i n t e r e s t (6-60 kHz), the model assumes t h a t a l l n o i s e o r i g i n a t e s a t t h e s e a s u r f a c e . O r i g i n a l l The l e v e l a t r e c e i v e d n o i e power i n t e n s i t y , i n micropascals 3 / h e r t z s c a l e f a c t o r ' t h a t i s a f u n c t i o n o f frequency and wind speed, i n micropascalsz/hertz/steradian s u r f a c e r a d i a t i o n p a t t e r n s u r f a c e g r a z i n g a n g l e r e c e i v e r beam p a t t e r n horizontal range between sonar and surface element a z i m u t h a l a n g l e r e l a t i v e t o beam a x i s a b s o r p t i o n l o s s t o s u r f a c e e l e m e n t s p r e a d i n g l o s s t o s u r f a c e e l e m e n t a n g l e o f f beam a x i s .
the ocean surface [3] . With i n c r e a s i n q s c a l i n g f u n c t i o n , A, r e f e r s t o t h e n o i s e range, t h i s l e v e l i s a t t e n u a t e d b e c a u s e o f t h e propagation loss terms. The s u r f a c e r a d i a t o r s , b e d i s t r i b u t e d u n i f o r m l y a l o n g t h e o c e a n s u r f a c e .
r e p r e s e n t e d b y t h e f u n c t i o n N(es), a r e assumed t o
The absorption loss, a, and spreading loss, h, are computed by means o f e i g e n r a y r o u t i n e s s e l e c t e d f r o m t h e GSM [Z]. 
RESULTS
The r e s u l t s of t h i s i n v e s t i g a t i o n show predictions based on the ambient noise model in both deep and shallow-water oceans. Within a p a r t i c u l a r ocean, the effect on t h e n o i s e l e v e l i s examined when the following parameters are varied:
beam To eliminate the influence of refraction, the ocean sound speed i s constant with depth. I t can be seen that the n o i s e f i e l d below the horizontal is significantly smaller than the field above the horizontal for the deeper oceans. This decrease in n o i s e f o r t h e downward-looking beams r e f l e c t s t h e dominant r o l e t h a t volume absorption plays at these high frequencies. In the shallow layer case shown i n f i g u r e 5 , t h e curve representing the in-1 ayer (30 m ) receiver does n o t f a l l off a s r a p i d l y f o r t h e downward-looking beams as does the curve representing the levels of the deeper below-layer receivers. These results suggest that a strong surface duct can behave a s a channel for noise in the same way i t does for transmitted or received signals.
Figures 3a and 3b contain the SSP'S t h a t illustrate the importance of this parameter in deep water noise predictions. The p r o f i l e shown i n f i g u r e 3a i s c h a r a c t e r i z e d by a deep surface duct (layer depth of 2 5 1 m ) . In c o n t r a s t , f i
In comparison, f i g u r e 6 shows the corresponding results for an isovelocity ocean.
In figure 7 , the importance of bottom porosity a s a f a c t o r of noise reception in shallow-water oceans (200 m) i s shown. The received noise versus beam elevation angle i s compared f o r bottom p o r o s i t i e s of 0.4, 0.6 and 0.9. The r e c e i v e r i s a t 100 m and t h e ocean sound speed i s c o n s t a n t w i t h depth. I t can be seen that in shallow water, where absorption i s not a s i g n i f i c a n t f a c t o r , t h e contribution from bottom bounce paths can s i g n i f i c a n t l y a f f e c t t h e n o i s e f i e l d . 
on salinity extremes of 21 and 45 parts per thousand does not exceed 2 dB. When t h e beam is depressed downward, however, a 4 dB variation i n the noise level occurs. This difference illustrates the importance of s a l i n i t y f o r p r e d i c t i o n s made i n shallow water where s a l i n i t y can vary significantly. Figure 9 compares the received noise levels for two shallow water oceans:
(1) an isovelocity ocean and ( 2 ) the Gulf of Maine ( f i g u r e 1 0 ) .
The Figure  11 shows the ray diagram based on a 91 m receiver and i l l u s t r a t e s t h e h i g h l y shadowed surf ace.
CONCLUSION
The selected frequency o f 23.5 kHz f o r t h i s study results in a large decrease in noise signal in deep water steering below the horizontal. This loss i s due t o t h e dominance of volume absorption over the large depth separations in deep oceans.
I n shallow water, for a fixed wind speed, i t i s predicted that the received noise levels are limited predominantly by two environmental parameters: SSP and bottom porosity. Changes i n t h e SSP can a f f e c t t h e d i r e c t i o n a l i t y of noise. Most s t r i k i n g i s t h e case of an extreme surface-shadowed environment where only the steepest ray paths reach the surface. The ocean bottom can be an e x c e l l e n t r e f l e c t o r of sound and, thus, noise. However, increasing bottom porosity yields a decrease in received noise levels a t a n g l e s below the horizontal.
Based on t h e r e s u l t s of t h i s s t u d y , i t i s expected that this noise
model wi 11 play an important r o l e i n system performance predictions, particularly at the higher sonar frequencies. 
TWO-DIMENSIONAL
